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IviE n ORA^IDIM R EPOR T 
for 

Army Air r'orcQs ^ Kateidel ConLMand 
?*JLL-SCAI^ TimflEL TESTS OF A PLYIlJOr MOJEL 0? THE 
GIJRTISS AIRPLANE 
By V;illiai-:i Jo Biebel 
IHTRODIJCTIOH 

At tlie request of the Arrny Air Forces^ Materiel Coinraand, 
tests have been conducted m the L^ACA full-scale tunnel to 
provide data for estinating the longitudinal stability and 
control characuorls tiCvS of the Curtiss XP-^S airplane o The 
XP-55 is a lcw-v;ing airplane with the engine and propeiller 
located at the rear of the fuselage. Lon^-i tudinal and 
directional control are obtained by raeans of a ^hiose^' elevator 
and by fins and rudders attached near the v;ing tipsc 

The tents included lift^ d'^ac, pitching-rnornent , hinge ^ 
monent, and elevator pi^essure ^neasurements for various 
combinations of anrle of attack^ elevator deflection, and 
elevator tab settings* The stalling characteristics of the 
wing v/ere investigated by tuft tJV.rveySo The drag incrGiuents 
due to the r;un blast tubes and thje external elevator balance 
units were also noasuredo 

The results of the force tests and sone correlation of 
the results of the force tests and the pressure rieasurerients 
are presented in this report. The cor.plote results of the 

pressure-distribution tests will be presented in a subsequent 
report • 



SYT.IBOLS 

Cj, lift coefficient 
Cj) cU'-ag coefficient 

Ci-o pi tching-norrient ccefficient about the center of gravity 
Cho elevator hiii{"e-i;ioment coefficient 
H3 elevator hirire moment, positive v/hen raornent tends to move 

trailing edge dcwnv/ard 
Q dynajnlc pressure /^Ipv^"^ 
V velocity 
p density 
S v/ing area 

S3 elevator area (excluding fuselage) 
c ^ 'r o G t -ne an - 3 c n n r o c 1 e v n t o r c h o 2" d 

a anrlo of aitycU of tnrust line relative to freo-streain 
direction 

5^ elevator deflection relative to thrust axis, positive 

with trailing edge ' dov:n 
elevator tab deflection relative to elevator chord line, 

positive v/ith trailing edge do\;n 
Subscx'ipts : 
t horizontal tail 
o free streai-.i 
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APPARATUS /clID TESTS 
The tests were conducted on tho Curtir^s C-'Lb a-lr^lane ' 
(figs. 1 and 2) v;hich a lignt-v^elglit , 1 DW-po;;- I'lyiri^.; 
nodel of the airplane • Prior to the tests, modifi- 

cations were made to the C-CliB airplane so t}:at it would more 
closely represent the XP-55 airT:)lane. There riodif ications 
included: (1) ins tallat: on of a nose elevator similar to f iat 
of tho XP-55 airplr?no^ (2) rcT.oval of tho landinf ceai\ and 
(3) resurfacing of tho v;in[!; so a:-- to oltain a siiiooth finish. 
• The airplane is ari^anj^ed as a low-v/lni";; pusb.er with an engine 
installed in tho rear of the fuselage. Tho ^vinr sections nro 
similar to IIACA lov;-dra£; airfoil sections anv... tn:. v/inr has a 
sv/eepback angle of 23. and a dihedral an>3le of 

Longitudinal control is obtained by moans of an all- 
movable surface located at the nose of the fusela[-^;e# The 
nose elevator was fitted with orifices for the pressure 
measureraenfe The elevator is equipped ?vith trim tabs having 
a span of 50 percent of tho elevator span and a mean chord of 
25 percent of the rue an elevator chord. The elevator x'^as di- 
i^ectly connected to the stick, but the tab angle was adjusted 
by means of a seoarate control in the cock'oit. 

All the tests were made with the pi'^opeller removed. 
The tests to investigate the lon^;l tudinal stability of tho 
m.odel included mioasuroments of the forces and moments on the 
model at various angles of attack v/ith the elevator removed 



and attached. The effects of elevator and elevator tab de- 
flections on T)itching monents ana hinge moment:.^ v^ero invosti-. 
gated through a range of 'iiigles of attack of the thrust axis 
from about -2^ to lo'^. These tests included the determina- 
tion of the effects of deflecting the flaps h,^^ • The elevator 
hinge nonents v^ei^e determined fro;a neasuronents of the forces 
on the sticl: at vario\is elevator and elevator tab deflections. 
Figure 5 shows ^±.e relationshin between stick force and hinge 
moment for the various elevator deflections. The range of 
elevator and elevatoi' tab deflections for the above tests v/as 
from -30^ to 20'\ 

DrfiZ tests v/ere made v;ith the r;an blast tubes sealed 
and unsealed (fig.-l).) and with ttie external elevator balance 
units attach^ed (fi,^. and removed (fig. 6). The effect 
of fairing the liatch gun blast tubes (fip;. 7) was investi- 
gated. 

The stalling characteristics of the v;ing v/ere studied 
by tuft surveys and ^"orce tests. Motion pictures vove made 
of the tufts to sup^olement the visual obsei^vations . 

One scale-effect test was made at speeds from about 65 
to O5 miles eer liour . All other tests were made at a 
tunnel airspeed of about miles ner hour cor -^^espondinf'; to 
a Reynolds number of about 5^200,000 based on the mean aero- 
dynamic chord (^:.i|7 feet). 
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RESULTS AND DISCJSSION 
LongitiKlina]. Stability and Control 
F orce tes 'c^-. - The airplane pitching mcments \v3re cal- 
culated about a center of gravity located at 12 percent of 
the nean aer odync?iTiic chord (fir,. ?.)• The variation of 
pi tohing-i:ioL:ent coefficient v;ith angle of attack of the 
airplane with the elevator removed and v^:ith the elevator 
fixed at various an^^ular deflections for the flaps-retracted 
condition is sho\;n in figui^e 3» Siiuilar curv3s are riven 
in figure 9 f'or the airplane with wing flaps deflected . 
The slope of the pitching-norrent curve against angle of 
nttacx-: v/as negative with the elevator i-'einovcd a?id was posi- 
tive with the elevator installed for all the elevator axigles 
up to 10*^ ♦ V.'lth the elevator deflected 10*^, the slope vvras 
negative for angles of attack above and \;ith the elevator 
deflected 20^\ the slo:::.'e v;a^ negative rcr all angles of 
attack • At = 20^ the elevaGor was stalled for all 

angles of attack. Flap doflecc'on resulted in increasing 
the slope of the curve of tlie pi tchlng-r-iOnent coefficient 
against angle of attack in the direction to ir:prove the 
stability. 

The elevator angles (r:easu"^ed relative to the thrust 
a:vis) required for trim v;lth the stick fixed and with the 
tab neutral rre vO otted aga:nst angle of attack in figures 
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1" 11. The slo;)e of the curve of dfi^/da is considsr- 

ably less with t]ie flapL deriected li")^ than v/i th the flaps 
retracted . 

The data show that the air;olana^ in the propeller- 
removed condition, is longitudinally unstable v/ith the 
elevator fixed. V^ith the sticK free, however, the sta- 
bj.lity is adequate, aL^ i/\ill be discuswsed later, and tlie stick 
forces are applied in the 3or:ie direction as for a conventional, 
stable airplane o Tlie stick-fixed instability will be de- 
cre.ased in power-on fli£:ht as a i/esult of the stabilizing 
effect of the propellop forces o Those results are essentially 
in a:?,reeriient vdth observations r.iaae on a l/lO-scale nodol in 
the IhlCA free -flight tunnel. 

The pitching ruoments due to "che elevator have been de- 
terrained for various angles of attacK and elevator deflec- 
tions, by couiparing the results of tne tesi;r. vvitli the elevator 
attached and removed, and are shov.n in figures IP: and IJ • 
For the ranf";e of elevator angleti' tested, the slopes of the 
ci.u-'V3s of uail pitching-nior.iert coefficient against angle of 
attack are essentially the same for all elevator angles uo 
to 10^. At an elevator deflection of lO'"^ the slope of the 
cui-ve of tail pi tchinG-rr.oirLUit coefficient arainst angle of 
attack decreased at hirh aurrles of attack, and at ?_0^ elevator 
deflect! DU the rlope wrs lover at all angles of attack. A 
coniparison has b^en made in figu..res iLl axid I5 of the tail 



pi tchlng-rionent coefficients determined iron the force 
tests and the values obtained from the pro^>suro riieacure- 
rr.ents. The ap:;ree:nent is satisfactorv e::cept at the 
high angles of attack where the pitching uoments obtained 
from the pressure m^asureraents i.era appreciably lower than 
those obtained fro:a the force tests* 

The variations of the alrv)].ano pitchin.'^-nonient coef- 
ficient with elevator deflection for various angles of 
attack are shov/n in figure 16 nith the flaps retracted and 
in figure I7 with the flaps deflected . The slope 
dCjrt/de^ remairied essentially constant in both cases for 
all angles of attack at elevator deflections belov; the stall. 
Pla}) deflection produced only a negligible change in the 
elevator effectiveness. The value of dCiri/dOe determined 
fron the tests was about 0.0090 per degree elevator de- 
flection. 

The effects of tab deflection at various elevator 
anAles on the pi telling -iior.ient coefficients of the Liodel 
with the flaps retracted are shown in figures lo and I9 
for angles of attack of -0.6'^ and 10.5^, I'espectivoly . 
At an angle of attack of -Oc6^ the tab effectiveness changed 
only slightly for the different elevator angles. At an 
angle of attaclc of 10. 5^ the tab effectiveness remained 
essentially constant un to an elevator angle of 5^ and de- 
creased at elevator angles higher than 
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Eleva tor hinge r.ioraents a nd st ick for ces , - Figures 20 
and 21 show the variation of elevator hinc.e-nonent coeffi- 
cient v/lth an^le of attack at various elevator angles for 
the airplane vrlth flaps retracted and with flaps deflected 
hr5^ • '1*^^' variations of elevator hinge -monent coefficient 
\vith elevator deflection at various angles of a.ttack have 
been deteriajned by cross-plotting tje results of fif;ures 20 
and 21 and are given in fi^'ur 22 ana 25 • fhe elevrto^^ 
hinge rrioments v/ei»e deterniined fi^orn stick-force neasurcv. : nts . 

The ^''alue of dCh /da increased sli-d tly v.ibh elevator de- 

' e 

flection £ind the value cf .aCh /c^e ir.croased slir/iLly v/ith 

e 

angle cf attack « At zero eleva'-or deflection, the rlope 
dChr^/d^^ v/as abor.t -O^OO'iG per degree pud id ::ero anfle of 
rttack the slope dCi^ /^^e ^'^^ about -0«00l|.2 per de^preeo 



riap deflection had little effect on the slopes dC^ /da 



Values for the elevator ''floating angles" dete-^_Tained 
from the elevator hi np;e -moment measurements are given in 
figures 2'| and 2^: Tor varloixs angles of attack. It is seen 
that the chanf^e uf elevator f ree -float ini^ angle for a given 
chanp;e in angle of attack is greater than unity. Studies 
of the pressure distribution ovei- the elevator su.rfaces in- 
dicate that when the elevator angle is equal out cf opposite 
sign to the angle of attack there exists an upload on the rear 
of the elevator adjacent to the fu.selage. Since tho center 




and dCh^/^f^e" 



of prescuro of this load Is in back of the elevator hinge 
line, the elevatoi^;, vviien free, floats nose clown v/ith respec 
to the v/ini direction at po.'^iti/e angles of attack. 

I'he variations of pi tohing-Liomsnt coefl'iciont v/ith 
angle of attack Vvith bhe elevator freely float inr are 
shown ir fi,^-ni'e 26 for TIr.^s retracted and in figure 2? 
for flaps deflected Th.ese curves were determined 

fror. Ditching-inor.ient neasuronents at zero elevator hinge- 
nonent coefficient. Figure 26 indicates that with the 
elevator freely floatinf^ and witli the flapr> i^etracted, the 
airplaa'ie will be Icngi tudlnaD.ly stable at angles of attcock 
below 11.2^ (Cl - 0.36) and unstable at higiier angles of 
attack. 7;ith flaps deflected '14.^ (fi-* 2?) the slope of 
the* pi tching-ruomont curve indicates positive stability at 
angles of actack belov; 10.2*^ and neutral stability at 
higher angles of attack. Because of the tendency of 
the elevator to flo8t nose down v/ith 2.^espect to the v;ind 
direction, the slope of the pi tching-rionent curve against 
angle of attack is slightly nore negative v/ith the elevator 
free than with t}ie elevator removed. The slope of the 
noinent curve dCrn/da v;as at C^,. = 0 with flaps 

retracted and v:as -O.OIO6 with the flaps deflected 

Curves of elevator hinge -moment coefficient against 
migle of attack have been plotted for Lhe trim condition 
with stick fixed by dei;ermining the hinge moments corre- 
sponding to the elevator angles for trim at various angles 
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of o:i'^'r.2k (zoro tab de:^.f lection) and nre shovm in fip:ure3 23 
and 29* Examination of the data reveals that the direction 
of the foi'ces on the stick IvS siriilc.u* to the direction of the 
stick forces on a coiiventional , staole airplane o Flap de- 
flection increased the slo]je of tho curve of elevator hinpe- 
momont coefficirnt against elevator deflection for the stick- 
fix-jd trim condition. 

The effect of tab '.lof lection on elevator hinge mcr.ients 
for various anrvular deflections cf tVie elevator is shov;n in 
figure JO for an anf.le of attack of -Ce6^, The variation of 
dCv^^/d5e.-, with elevator deflection was siriali for the ranf:o 
cf olevator angles tCv'^:ted. The value of -^Ci;x^../^'i5a.-s ^'^^ 
about -0.0G8S at zero elevrjtor hin>) nicment, 

Drar: of trun Blast Tubes and Elevator Salanc-j Units 

The effects cf the p:un blast tubes on the airplane lift 
and di^a^ coefficients are rhoY/n in figure Jl. The riiniriuri 
dra^'; coefficient of the aii'plane vvltli all the gmi blast tubes 
sealed v/as 0»021k. c T;o av^^reciable chan;^e of nininun drag 
coefficient was Treasured \;hen the blast tubes ^:ere unsealed 
or n^ien a fairir^.g v/as installed ovo^ the hatch [^un blast tubes. 

Since external r:r?ss bfilancing on the elev-^tor of the 
XP-"35 airplane is contorinlated^, tests were made to deternine 
the effect of the ba].ance units on niniLiravi dragc The re- 
sults of these tests '■'>-^ shov^m in fip'Ui^e '^^2* The increment 
of Liiniriiun drag coefficient due to the aaditlon of the tv/o 
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external elevator balance units, shewn in figure k '-as O.OOO7. 

This result appears to be higher than would be expected for 

this type of balance installation. 

Aerodyna-aic Characteristics of the Airplane 
The variations of lift, drag, and pltching-monient 

coefficients with angle of attack for the airplane with the 
elevator removed and attached are shorn in figure 35 with 
flaps retracted and in figure 5I1 with flaps deflected i|.5°. 
The maximu:^ lift coefficient of the untri^nraed nodel with the 
flaps retracted was I.O75, ^^'hich increased to 1,20 when the 
flaps were deflected 1|5°. The stall occurred at an angle 
of attack of ,16<= with flaps retracted and at ih^o .^^th flaps 
deflected 

Tuft observations of the stall characteristics of the 
wing are shown in figures 35 to 58 at four angles of attack 
(a = 8c5^ l^.a*", 15.1°, and 17.5°) with flaps refracted. 
For the four angles of attack the flow at the, trailing edge 
of the wing was outboard toward the wing tips and parallel 
to the trailing edge of the wing. The flow at the wing- 
fuselage juncture was steady until the stall of the entire 
wing occurred. Wing stall occurred first at the wing tips 
at an angle of attack of 15.1° and progressed inboard with 
increasing angle of attack such that at an angle of attack 
of 17. 50 the wing was almost completely stalled. 
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. • Scale Effect on Lift and Drag 

The effect of Reynolds number on the lift and the drag 
of the airplane is snown in figure 59. There v:as no appre- 
ciable change in lift coefficient for the range of Reynolds 
numbers tested; the drag decreased, however, with increasing 
Reynolds number. At a Reynolds nu^nber of 520,000 the 
ininLmUii drag coefficient was 0.0208 compared with a value of 
0.0216 at a Reynolds number of 3,220,000o 

SUMiaRY OF RESULTS 

!• The X?--p5 airplanu was longitudinally unstable in 
the propeller-removed condition with the stick fixed. With 
the stick free and the landing flaps retracted, the airplane 
was longitudinally stable at angles of attack below 11,2^ and 
unstable at higher angles of attack. 

2. Deflecting the flaps 1|.5^ decreased the instability 
with stick fixed and . increased the stability with^. stick free. 

5. The elevator effectiveness changed very little v/ith 
angle of attack or flap deflection. A value of dC^dd^ 
of about 0,0050 was measured. 

l+t The rate of change of elevator hinge--momcnt coefficient 
with elevator deflection at r.^ro angle of attack was about 
-0.001+2 per degree and the rate of change of elevator hinge- 
moment coefficient with angle of attack at zero elevator 
deflection w^as about -0.00J.;3 per degree • 
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5. The chaiif^e of elevator ree-f loatinf;" angle for a 
given change of angle of attack was gnenter tlian unity; 
n^j;iely, the elevator flcatrid nose dov/n v/ith resfv^ct t'"^ the 
wind direction at positive anj-los of attack, 

6. The rato of change of elevator^ hinf-:;c -moment 
coefficient per decree chan^^e in elevator tab an^^le was 
about -Or 0035* 

7. The incroment of minimum drag coefficient due to 
the gun blast tubes vras small o 

Langley Memorial Aeron- .itical Laboratory, 

National Advisory CoiTLmitteo for i.c-ronautics ; 
Langley Field, Va., Jr.nuary ?:9, ^ 
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328.44" 



W/a?^ area, 203.4 so ft 
-LocgZ/o/? o/ center of QrO'//t/ 



NATIONAL ADVISORY 
COMMITTEE rOR AERONAUTICS. 



Figure Z.- F/y/n^ mode/ of the t?-j5 airpiame 




Figure 4. 



- The nose of the XP-55 model showing the gun blast 
tubes unsealed. 




Figure 5,- The balance units attached to the XP-55 elevator 



Figure 6.- The XP-55 elevator with balance units removed. 



Figure 7.- The hatch gun blast tubes in the faired condition. 
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